Lymphoepithelial cyst (LEC) of the pancreas is a rare lesion of undetermined pathogenesis that had been documented almost exclusively in males. The literature on this entity is limited to reports of single or small numbers of cases. Here is presented a clinicopathologic analysis of 12 patients with LEC, 4 of whom were female. The mean age of the patients was 56 years. Four patients presented with abdominal pain and nausea, but in two patients, the cysts were detected incidentally. Only one patient had a history of chronic pancreatitis, and another had a family member with pancreatic cancer. In one patient, a clinical diagnosis of pseudocyst was rendered, and the remaining patients were clinically thought to have cystic neoplasms. None of the patients had any identifiable immunosuppression, HIV positivity, autoimmune disorder (such as Sjogren syndrome) or lymphoma. Seven cysts were located in the head of the pancreas, and 5 were in the tail. The mean size was 4.8 cm (range, 1.2-17 cm). Five LECs were multilocular, three were unilocular; in others, the number of loculi was not recorded. All were "macrocystic" lesions. Two patients had two separate lesions, both in the tail of the pancreas. Histologically, all cases were characterized by cysts, some containing keratin, and lined by mature stratified squamous epithelium surrounded by dense lymphoid tissue, often with prominent follicles. In some areas, the lining epithelium had more cuboidal, flattened, or transitional appearance. Mucinous goblet-like cells were seen in one case. Acute inflammation was not seen. Cystic lesions of the pancreas are relatively rare (1-3), but they constitute an important category with a challenging differential diagnosis at the clinical, radiological, and pathologic levels. In the past decade, wider application of radiographic techniques, coupled with the improvement in the surgical approach to this organ, has brought new attention to the cystic processes in the pancreas. As more cases of pancreatic cysts are being diagnosed and operated on, new clinicopathologic entities are being recognized (4 -6), and the old ones are becoming better characterized (7-10). Pseudocysts are the most common cystic lesions of the pancreas and usually occur as a complication of pancreatitis (11). True cysts, on the other hand, are most often neoplastic (1). The classification and understanding of these neoplastic pancreatic cysts have progressively improved in the last three decades. The serous and mucinous cystic neoplasms (SCN and MCN) described by Compagno and Oer-
tel in the late 1970s (12, 13) are now wellestablished entities. In the last two decades, intraductal neoplasms that present as cystic masses have received considerable attention in the literature (4, 14, 15) . Two such entities, intraductal papillary mucinous neoplasms (IPMN) and intraductal oncocytic papillary mucinous neoplasms (IOPN), are now well recognized (2) (3) (4) (5) (6) . Whereas the majority of SCNs are benign (16) , MCNs, IPMNs, and IOPNs may be associated with invasive carcinomas (1, 10) . Therefore, it is crucial to distinguish these tumors from other cystic neoplasms.
Lymphoepithelial cysts (LECs) in the pancreas are relatively poorly recognized. They are reported in the literature mostly as individual case studies . The frequency of LEC in relation to other pancreatic cysts is largely unknown, and their clinical and pathologic features have not yet been fully characterized. Moreover, the pathogenesis and relationship to LECs of the salivary glands or other cystic pancreatic lesions are poorly understood.
In this study, the clinicopathologic characteristics of 11 cases of LEC in the pancreas are analyzed, its differential diagnosis from other cystic lesions is discussed, and possible pathogenetic mechanisms are reviewed.
MATERIALS AND METHODS
In a review of 154 cystic pancreatic lesions (64 true cysts and 90 pseudocysts) in the files of Karmanos Cancer Institute and Wayne State University, 4 cases of LECs were identified. Also reviewed were 134 consecutive true cystic tumors in the files of Memorial Sloan-Kettering Cancer Center between the years of 1983-1998 that did not reveal any LEC. Two cases were identified in the files of the Miami University School of Medicine. Six additional cases were culled from the consultation files of three authors (NVA, DSK, and GK). Pathology material and the charts of these patients were reviewed. A case of an epidermoid cyst in an intrapancreatic accessory spleen was also identified and was excluded from the study.
RESULTS

Clinical Findings
Eight patients were male and 3 were female. The mean age was 56 years (range, 39 -82 y). All four female patients were under the age of 50 years. The tumors were located in the head or body in 4 and in the tail in 8. The chief complaint at presentation was abdominal or back pain in 4 patients and nausea and vomiting in 1. In 3 patients, the tumors were detected incidentally during work-up for other unrelated disorders. In the remaining 4, this information was not available. One patient had a history of pancreatitis, and another had a family history of pancreatic cancer. In 1 patient, a clinical diagnosis of pseudocyst was given, and the remaining patients were believed to have cystic neoplasms. In all patients, the presence of a cystic pancreatic mass was discovered with various radiologic studies, mostly computed tomography. Cyst aspiration was not performed in any of the cases. All patients underwent partial pancreatectomy.
The findings in these cases are summarized in Table 1 , together with the cases reported previously in the literature.
Pathologic Findings
Macroscopic findings
The mean size of the tumors was 4.8 cm (range, 1.2-17 cm). In 4 patients, the findings were clearly intrapancreatic; in the remaining 8, it was difficult to determine whether the lesions were peri-or intra-pancreatic. In 2 patients, there appeared to be two separate cysts. In both, the tumors were in the tail of the pancreas. The cysts were round and were filled with cheesy, granular, brown-yellow contents in 5 cases. In 3 cases, the cysts contained thick serous fluid instead of the keratinaceous debris (Fig. 1) . The nature of the cyst contents was not specified in the remaining 4 patients. The cysts were unilocular in 3, multilocular in 3, and bilocular in 1 patient; the number of loculi was not mentioned in the remaining 5. The thickness of the wall of the cyst ranged from 0.2-0.6 cm. The inner surfaces of the cysts were granular but devoid of any prominent projections. Uninvolved pancreatic tissue was unremarkable.
Microscopic findings
In all cases, the cysts had a squamous lining and a dense subepithelial rim of lymphoid tissue ( Fig.  2-3) . In four cases, the lining was focally attenuated. In some foci, the epithelium appeared transitional (Fig. 4) , and in others, flat (Fig. 5) or cuboidal. Columnar mucinous cells with features of goblet cells were detected in only one of the cases, forming a single layer at the luminal surface of otherwise squamous epithelium. In one case, a minute focus of sebaceous differentiation of the epithelium was noted. Typically, there was no intervening stroma between the epithelium and the lymphoid band; however, in two cases, focally, the lymphoid tissue was markedly thinned, leaving a thin band of fibrous tissue remaining between the cyst lining and peri-pancreatic adipose tissue (Fig. 5) . Intraluminal keratin was evident and formed laminated layers in some areas (Fig. 6) .
Invariably, the lymphoid tissue was composed of elements ordinarily present in lymph nodes: scat- tered lymphoid follicles surrounded by a dense infiltrate of small round bland lymphocytes. In four cases, the lymphoid tissue was surrounded by thin fibrous capsule and a subcapsular space similar to the "subcapsular sinus" seen in lymph nodes. The lining epithelium lacked intraepithelial lymphocytes in the squamous areas; however, areas with more transitional appearance contained abundant intraepithelial lymphocytes (Fig. 4) . In some areas, there were complex, reticular invaginations of the epithelium into the lymphoid tissue, forming a nodular, papillary architecture (Fig. 7) , the type that is often seen in Warthin tumor of salivary glands. In four cases, there were small lymphoepithelial nests within the lymphoid tissue with the morphologic features resembling "epimyoepithelial" islands of salivary LEC (benign lymphoepithelial lesions). There were small ductal elements with lumina associated with these epithelial nests (Fig. 8) . In three cases, there were keratin granulomas ( Fig. 9 ) and microscopic foci of fat necrosis in the lymphoid areas or in the immediately adjacent pancreas. Clusters of foamy macrophages were also seen. No squamous metaplasia was identified in the uninvolved pancreatic tissue, and no epithelial elements were identified in peripancreatic lymph nodes available for examination. The lymphoid tissue in LECs often form a distinct band and creates the impression of a lymph node. In many cases, the lesion is surrounded by adipose tissue and appears to be peripancreatic (rather than intrapancreatic); however, careful examination often discloses pancreatic ducts or islets in this adipose tissue, indicating that it is atrophic pancreas.
DISCUSSION
LECs of the pancreas are very rare, constituting approximately 0.5% of pancreatic cysts in the authors' experience. When the data reported in the literature are combined with the 12 cases reported here (Table 1) , the following general characteristics of LECs become apparent. They are seen in middle-aged patients (mean age, 55 y; range, 35-82 y), predominantly but not exclusively in men (M/F ϭ 4/1); in contrast, earlier reports had suggested that they were seen only in men. The most common symptom at presentation is abdominal pain. Other complaints at presentation include nausea, vomiting, anorexia, weight loss, back pain, fatigue, fever, and chills. Many cases are diagnosed during a work-up for other diseases. In rare cases, there are multiple tumors (one of our patients and one reported by Tsuchiya et al.; 54) .
LECs are often round and have a well-defined wall that is sharply demarcated from the pancreas and surrounding adipose tissue. The lesion often protrudes from the pancreatic parenchyma (31, 39, 41, 46, 50) , and many cases appear to be peripancreatic rather than intrapancreatic. The mean size of LECs is 4.6 cm (range, 1.2-17 cm). They can be multilocular (in 60%) or unilocular (in 40%). LECs do not appear to have any preferential location in the pancreas. Cyst contents, which are mostly composed of keratin, have a different radiographic density than mucin of mucinous cystic neoplasms; however, they may be difficult to distinguish from those of pseudocysts. This is true for the macroscopic appearance as well. The cyst contents display "cheesy" or "caseous" appearance characteristic of keratinaceous debris or may be clear and serous in some cases. Microscopically, the LECs are characterized by cysts lined by stratified squamous epithelium and immediately adjacent, dense subepithelial lymphoid tissue that contains lymphoid follicles. In some areas, the lining may appear more transitional and in others, flat, cuboidal, and focally denuded. Sebaceous differentiation is reported in a small percentage of the cases (30, 57) and was seen in only 1 of our 12 cases, in which it was represented as a minute focus. Scattered mucinous cells have also been reported and were present in one of our cases. This was a focal finding, and the cells had goblet cell features and were forming an umbrella layer over the stratified squamous epithelium. The presence of a significant sebaceous or prominent mucinous component should favor the diagnosis of a dermoid cyst.
The cyst wall and trabeculae in LECs contain dense lymphoid tissue composed predominantly of mature T lymphocytes and intervening germinal centers that contain B cells. Follicular architecture may be prominent in some cases. In some areas, the lymphoid tissue is exuberant but interrupted by complex invaginations of the epithelium, imparting a papillary appearance that may be responsible for the nodularity in the inner surfaces of the cysts. There are usually no significant numbers of lymphocytes within the epithelium. Solid lymphoepithelial islands (microscopic clusters of epithelial cells admixed with lymphocytes, akin to the socalled "epimyoepithelial islands" in the salivary glands LECs) may be present but are rare. It is uncommon for LECs to exhibit marked acute inflammation; however, the adjacent pancreas and the lymphoid tissue may show granulomas, especially keratin granulomas with foreign-body giant cells and foamy histiocytes. The latter may form multiple nodules around the tumor. Fat necrosis may also be seen, possibly secondary to the reaction of a ruptured cyst's contents with peripancreatic fat.
The clinical differentiation of LECs from other cystic lesions of the pancreas can be challenging. LECs have a macrocystic appearance and are thus clearly distinguished from microcystic lesions such as serous microcystic adenoma. Their distinction from macrocystic ("megacystic") lesions at clinical level could be problematic. Chemical analysis of aspirated cyst fluid has proven to be useful in the differential diagnosis of pancreatic cysts in general.
Intuitively, the traditional markers such as CEA, CA19 -9, CA-125, CA72-4, pS2, mucin-like carcinoma-associated antigen, and fluid viscosity would be expected to be significantly lower in LECs than in mucinous neoplasms (1, 61, 63) ; however, the limited experience in LECs does not confirm this prediction (24, 28, 37, 54) . Some cases had high CA19-9 levels in the cyst but not in the serum (23, 37) . This is an interesting finding considering that squamous metaplasia in pancreatic ductal epithelium is often immunohistochemically negative for these markers. Radiologic tests may not be specific either. The main radiographic finding that may help distinguish LEC is that it is sharply demarcated from the pancreatic tissue (31, 39, 41, 46, 50) . Some authors have found selective angiography to be particularly helpful in the diagnosis (45) .
The most clinically significant differential diagnosis of LEC is with the primary neoplastic cysts of the pancreas: mucinous cystic neoplasms (7-10), intraductal papillary mucinous neoplasms (4, 5, 15) , and intraductal oncocytic papillary mucinous neoplasms (6) . It is very uncommon for these tumors to have a lymphoid reaction, and often such changes are limited in degree and do not form a sub-pithelial band as seen in LECs. Furthermore, papillary changes are not seen in LECs, and mucinous cells are very uncommon. The differential diagnosis of LECs from the rare cystic examples of typically solid pancreatic tumors (solid pseudopapillary tumors, ductal adenocarcinomas with cystic change, cystic islet cell tumors, and acinar cell cystadenocarcinoma; 64, 65) may potentially be a challenge at clinical level; however, pathologically, these can be easily distinguished by their characteristic histomorphologic features.
The microscopic differential diagnosis of LECs is mainly with dermoid cysts, epidermoid cysts in intrapancreatic accessory spleens, lymphangiomas, and pseudocysts. Dermoid cysts (DCs; 66 -85) and epidermoid cyst in intrapancreatic accessory spleen (ECISs; 86 -94) share various clinical and pathologic features with LECs. The following characteristics may help distinguish them. DCs and ECISs tend to be detected in younger age groups (mean ages, 29 and 37 y, respectively) than LECs (mean age, 55 y). It should be noted here that many cases that have been reported as DC in the past may now be classified as LECs (66, 67) . There is no gender predominance in DCs and ECISs, whereas LECs are seen more often in men.
Microscopically, LECs are lined almost exclusively by squamous epithelium, although it is sometimes denuded, attenuated, and may become cuboidal with a transitional appearance. Sebaceous-type changes and mucinous cells are exceedingly rare, and if present, are very focal. The presence of mucinous cells and especially respiratory-type mucosa would be more indicative of DC. Subepithelial dense lymphoid tissue admixed with germinal centers is characteristic of LECs, and the presence of splenic red pulp is diagnostic of ECISs. Infection and suppurative inflammation are frequent complications of DCs but are rarely seen in LECs. Unless there is extensive sebaceous differentiation, hair follicle, respiratory mucosa, or other teratomatous elements, squamous lined cysts with subepithelial rim of dense lymphoid tissue of nonsplenic type should be classified as LEC. Because none of these lesions have any known malignant potential, their differentiation from each other may not be as important as their differentiation from other cystic lesions of the pancreas.
Lymphangiomas (95) may also present as pancreatic and peripancreatic cystic masses and may closely mimic LECs (especially those with denuded epithelium) because they also contain prominent lymphoid tissue, often with follicles. Immunohistochemical stains with endothelial markers and keratins are helpful in confirming the diagnosis in doubtful cases.
Pseudocysts are postnecrotic cystic changes (11) seen in patients with pancreatitis. They are also peripancreatic. They lack the dense lymphoid tissue and squamous lining; however, in the areas of LECs where the epithelium is denuded, or in those LECs with fat necrosis and keratin granulomas, the "dirty" appearance may be mistaken for a pseudocyst. LECs seldom have acute inflammatory changes and granulation tissue that are seen in pseudocysts.
The etiopathogenesis of LECs is not known. Conditions that are typically associated with LEC of salivary glands, such as a history of Sjogren disease, HIV infection, or lymphoma have not been recorded in pancreatic LECs.
A proposed mechanism of pathogenesis for LECs is the development from epithelial remnants in lymph nodes (35, 96) . In fact, Arai et al. (96) have identified what may be LEC precursors in the peripancreatic lymph nodes (19) . Furthermore, there are also examples of LECs that occur in the intrabdominal lymph nodes (97, 98) . The puzzling aspects about this possibility are the following: (1) such epithelial remnants are detected exceedingly rarely (48) , even more so than the LECs; (2) some LECs lack the characteristic features of a lymph node, such as sinuses and a capsule, and (3) although most LECs are predominantly peripancreatic, others appear to be situated within the organ itself, and unlike the parotid glands, intraglandular lymph nodes are exceedingly uncommon in the pancreas. Nevertheless, this hypothesis is quite appealing. The presence of small ductal elements in the lymphoid tissue of four cases in this study may lend further support to this hypothesis.
It is unlikely that mesothelial invaginations, favored hypothesis of the splenic epidermoid cysts, would apply to LECs of the pancreas.
Cystic transformation of pancreatic ducts that had undergone squamous metaplasia has been considered (49) . Although this is a possibility, squamous metaplasia in the uninvolved pancreatic tissue, which would have supported this hypothesis, is a relatively uncommon finding in the pancreas and was not noted in any of the cases presented here. Also, this hypothesis, by itself, would not explain the degree and pattern of lymphoid tissue.
It has also been suggested that LECs may be a form of teratoma; however, the presence and the distribution of lymphoid tissue would be most unusual for a teratoma. Furthermore, mucinous epithelium and sebaceous cells, which are common findings in teratomas, are seldom reported in LECs and were not detected in any of our cases except for one that displayed a minute focus of sebaceous metaplasia.
It has also been speculated that LECs may represent branchial cleft cysts that have been displaced and fused with the pancreas during embryogenesis (48, 53) .
One hypothesis that is quite appealing is a continuation of a mechanistic explanation unifying those head and neck lesions that are characterized by cystic or glandular epithelial elements surrounded by lymphoid tissue (namely LECs, Warthins tumors, and some branchial cleft cysts) into one generic category. It is speculated that these lesions may be driven by lymphoid cells with affinity for ductal epithelia and the capacity to induce their growth by the factors they mediate (Juan Rosai, M.D., personal communication, May 1995). The type of the lining epithelium then may be a factor of antigens present in different types of ductal tissue to which these lymphocytes are attracted.
No recurrences or progression into lymphoma or carcinoma have been documented in the cases of LECs in which follow-up information was available. Therefore, if the tumor can be diagnosed preoperatively, the option of "wait and watch" may be clinically acceptable. However, in most cases, the possibility of another type of pancreatic cystic neoplasm is difficult to rule out with the current investigative methods. Also, because LECs are often well delineated from the pancreatic parenchyma, they may seem amenable to cystectomy; however, before such an operation can be attempted, the diagnosis needs to be confirmed because this would be suboptimal therapy for most other macrocystic neoplasms.
As the list of the differential diagnosis of cystic pancreatic lesions grows, so does the importance of characterization and recognition of the various entities that form this differential. LECs, although rare, comprise an important category in this differential diagnosis. [62] 
